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M n : 1 . 5-3.0%, Nb : 0. 005 -0 
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A*Sf»fi*St«-rsfci6K:^*7c**^fik:*iiPbT^fco c (Otztb, H » » M ft tt # 
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L L , C©WM¥6-9 3 3 3 24t&«fCtB«Sftfc#&-Ctt, M 9 E @ - An ]§ ft $ T 
J»A£ftfc|gffi*<» SSIB«^*5^ti»ft't'fcig«-r*fc46, iSfSlttfcttfift*^, 9 8 

S fc , ffl x (f „ ft 181 ¥ 1 0 - 1 5 2 7 4 9 ^ £ « , ft M ¥ 1 1 - 7 1 6 4 0 *f & ® IC it 
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KT, *f6W#e>ttS«v;l/7 l >-9--i'K!!)4j«*«i»J-rsfci&fc:, H & 3 ® II £ ?t o ft 

OtiSaiatSlCttCtWi*?!^^ r-©Brg|lF<?T*fe50. 0 2ma s s %«Tt 
■TS*Slr^H:to-r*>*»«v;Uf->-9-'fh4fi8»iflF$IEHT»**fci6C%0. 0 2 5 m 

£ > C (O <fc 9 * if ic tt , »« tt » ll$T9 OftHii^'f-T^y^i 

[0010] 

(fc/i'Lfflfflt-^ft^ (Sheaf-like with la 
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-gain boundary) ± h III- I : U*&mW,£U -f 4 b 

?J1 ig ffi 2? 35 £ , ( 1 9 9 2 ) 4 ) S^HOfcfS. 

[001 1 ] 

(1) massU*, C : 0. 0 0 5 -0.025 % , Si :0. 05-0. 5 % 
> Mn : 1. 5 -3.0 % , N b : 0 . 0 0 5 -0.08 %. B : 0 . 0003- 
0. 0 0 5 0 %£^WL, M« F e fccfctfMM^Mfr ffigjspT?, 
90%tt±©^*--f-f'y*:7x7-l'hffl#£tfffltt*£L* : 9 8 0 MPal 

ilSilfvT r s :-2 0^WT*£*Scfc*ft«i:-r3E3&®««!l1i3ElJIH 
VMtt. 

( 2 ) ( 1 ) £6^T, fiu HB ffl j£ E 1)U X. r 2 6 IC , m a s s % T? , C u : 0 . 0 5-2. 
0 % , N i : 0 . 05-2.0 % . C r : 0. 05-2.0 %, T i : 0. 003 
-0.050 % , V : 0 . 0 0 3 -0.080 %, Mo : 0. 05-1. 00% 
© o % P. 3t H ti tc 1 ffl £ ft It 2 9 W ± x *J «k t>* / £ fc ti C a : 0 . 0 0 0 3 - 0. 0 0 
30%, REM : 0 . 0003-0. 010 % © 9 ^ 6 iS ft ft 1 *i X «: 2 ffl £ # 

( 3 ) ( 1 ) * It f* ( 2 ) (c *5 ^ T , W E ffl fiK ^ ftp x. T £ 6 K. % ma s s % T* , A 1 : 0 

. oi-o. o 8 zmmt? % c t*®mtt ^m^mMm^^mnmmm 0 

( 4 ) m a s s % T , C : 0. 0 0 5 -0.025 % , Si :0. 05-0. 5 % 
, Mn : 1. 5 -3.0 % , N b : 0 . 0 0 5 -0.08 %, B : 0 . 0003- 

o. o o 5 o zmi&ZG? zmmtiz , 1 1 o o°c~ 1 3 5 0 1 e m u ft & 

, 950 ~1 2 5 0lCOfflfi«KfettSSR8lET**3 0%W±^ 950 °C*rSAr 

W±fc"r*f»HJEi£*ffiLx »IH E ffi » 7 » , MM: 2 0t/siXlT^JiPt5i:i 
^tttt5§l ? ji9S : 9 8 0 MPaSx, fit'ffijg&rS/SvTr s : - 2 OtttT^tt 

(5) (4) fc T » H EffiJ* E ill *. T £ 6 E , m a s s % T* , Cu : 0 . 05-2. 
0 % . N i : 0 . 05-2.0 %, Cr:0. 05-2.0 %, T i : 0. 003 
-0.050 %, V : 0. 0 0 3 -0.080 »> Mo : 0. 0 5 - 1. 0 0 % 

© o % e> m n ft 1 m t k « 2 a u ± *s xs / 1 tc « c a : 0. 0003-0. 003 

0%, REM : 0 . 0003-0. 010 % CD 5 ^ 6 M ft ft 1 a £ ft fi 2 }I £ ^ 
*H-*a*i:-r*J:i:*«flfc , r**3l§EKWtt#««»ll«©«!jfi* JS- 
CS ) ( 4 ) tfcli ( 5 ) e 33 ^ T , if 12 $a $ fc in * T S 6 fc , m a s s % T? , A 1 : 0 
. oi~0. 08%*££rsej#fc^SCfc*ftafc*Sffi»fiiSffltt#ilHIPM«© 
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£-T\ #^WOJSS8ffiOfflM£Jl£inco^TM-f 3 0 «T, fflricEfcttSm a s s % 
tt # % 1 12 * o 

C : 0. 0 0 5 -0.025 96, 

0 5 XWiCtt^^SttSA', 0. 0 2 5 % 5 t S« v;bf >^ h 

stfiikfto, w is # * ft * . <: o fc # , ciio. 005 ~ 0 . 025 % k h £ 

L fc 0 & , #£L<tt7x7'fhiarglErtT*&50. 020 %KTT'fe5 0 
COO 1 3 ] 

S i : 0 . 0 5 - 0 . 5 % 

s i tt , mmm t lt it^t zftmr-sb o . *%mT-itmm±.o . 0 5««jtott%*> 

Stt*tf, 0. 5 %£li;iT^*ff;i>i:, Wtt*£{L£-fr*. C O fc & , S 1 (4 0 . 
05-0.5 % O Sg US 1C II £ L fc <, & fc , # £ L < tt , 0 . 2 ~0.4 % T * * o 
M n : 1 . 5 -3.0 % 

M n (i, m<Dffi&*®1}U2&Z>7imT'$>r>, ®tt<Dm&%&2Z 9 8 0 MPaMx.ttZrz 
lb, iS&VMffiZ^-f -f- v ? 7 J hm®t? ZtctblC, 1. 5 % U ± O £f *f * 
Aiit*. -7j , 3. 0 % £ iS 3 # £ tt , »«aJ©«!tt*aL<^{b*-&4o CO 

4 9* C ?. « Mnfil, 5 -3. 0 % O $5 EH H £ L fc „ & fc , »SU<ttl. 

5 -2.2 «T'S5, 
[0014] 

Nb : 0. 0 0 5 -0.08 %, 

N b tt , fl^^^^-f -C FttSffffl^fib^ C O fc J6 fc 0 . 005 % 

WiOtt^i^SttS. -75i, 0. 08%5g^Tttt5J: > K » ftk £ ff O W9 tt 
%it?Zo C O fc i6 , N b tt 0 . 005 -0. 0 8 % O USE B fc 0g £ L fc „ & fc , »H 
< tt 0 . 015 -0. 035 % T* & 3 0 
[0015] 

B:0. 0003-0. 0050 % 

B tt , 'W*-l'hSAHIia&M*ffiTS*T, aofifeififke«F^-rS7nSRT?i6S» CO 
<fc9&M£f#5fc#>fc0. OOOSftWJilOttS^IttStf, - 73, 0 , 0050 

%?i^ttwt§t, «tf*L<«fcLTWtto&{t*JB<ffin#**. c o fc & , b 

tt 0 . 0003-0. 0 0 5 0 %OSBeBfcR£Lfco&fc,#3:L<tt0. 00 10-0 
. 002 5%T*4o 
[0016] 

w ± # g -« # -e & $ # , c n e> a # e to * t $ e. fc , t te $ # * s «? l t m t $ c t 

Cu : 0. 05-2.0 % , N i : 0. 05-2.0 % , Cr:0. 05-2.0 
% , T i : 0 . 0 0 3 -0.050 % , V : 0 . 0 0 3 -0.080 % , Mo: 

o . 0 5~i. o o % o o % e> m tt" n fc 1 a $ fc tt 2 a u ± 

Cu, Ni, C r , Ti, V, Mott, ^fftt, $IO$l5®±#Mcig#-f57tJi?-e&!), 
ftg fc JS U ¥ ffi * S t> tt % £ L T £ £ T £ 3 o 
[0017] 

Cutt, H»3fi{tfc*tf«TtiJ5fifl:K:«fe9ai03SS*±ff«-&*Wi»*7E*"e**o *f£«§ 
■eu^StSi^, 0. 0 5 %W±tf t5C tid'!?* 2. 0 %ZMz.T^m 

f 89 14 # & ft T 5 o cofcfc, CuttO. 05-2. 0 % fc PS 5£ T 3 c £ # 1; 

Nitt, SttWtt*«^00&g^J8i[|Q?£*£$»*7CSR , r*So « W tt M -f ?> ig 
* , 0. 0 5%W±^#-r*«:fc«<»*t^^, 2. 0 %%SxTttlTfcStlI^S! 
ft) L , ttltlp o f J S ^ ffi II T* t 5: < & 0 , nXhWfc^fiJfc&So C O fc 46 , N i 
ttO. 05-2. 0 %O$gHKRg£?SCi:#$?£H/>0 
[0018] 
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it ^4 -y- j v * 7 x 5 h ffl^ © £ $ £ M £ ■£ 3 ft ffl fc W L T ^ 3 0 # W T* (4 ^ W 
•^Sif^, C <D 4: o & fc 46 tc 0 . 0 5%ttltSt5iIttf!if$L^A ! , 2. 

0 %£fg;iT#£-f3t®14ft<#{k-f£o L^rcfe, CrliO. 05-2. 0 % <D © 
Wtcmfct Z> C £&&£ 
[00 1 9 ] 

T i J4 , Ti (CN) fcLT«m»ftK:J;93&lt*±B<£tfS7C*-Cfc») , £ fc , WW* 

C O £ 5 fc 46 fc 0 . 0 0 3 %ttl^tt«Ci:ff#SL^, -73, 0. 

050 %^I^.TtWt5t> T i (C N) IH^i^ltL, f SOi»jS)!)MH n4 < 10 
&5o c<0J:3&i:fcfr6, T i (4 0 . 003 - 0 . 050 %tf)S5i(clf t§c i 
ft< iff * L ^ o 
[ 0 0 2 0 ] 

vt4, v (cn) t L-cffito&itic j: o&m±&icGmicttm-r zftmr-tb o , c©45 

*ab«*»5fc«>fc:tt0. 003 MttiflttSCiiii'jfSLK 0. 080 

%%iSx.T#Wf3<fc, 89 14 ft< ffi T f £ „ C <D fc 46 , V« 0. 003 ~ 0 . 080 % 
©$EHfcPI£-f£<:i:ft<$?£L^o 

Moii, moftfezmhuz %>fcmT>& o , mtt<o~&ykmvcKm?h\cv$m-$ %>a * « w -e 

(itStSl^, £ 5 & #j -m * f# 5 fc 46 lc , 0. 0 5%«itWt5i:i:tf!?iL^ 
„ - , 1. 00%*a*«dttt, UttlcS»**4A*. cote*, MottO. 0 5 20 
-1. 0 0%OKIfflCIS3t-f5j:t^»*tl/^o 
[ 0 0 2 1 ] 

*iS3T'li, ± IS L fc fiJt # K /JP x T , t 6> fc , C a : 0 . 0 0 0 3 - 0. 0 0 3 0 %, R 
EM : 0 . 0003-0. 0 1 0 % © 5 ^ ft* 6 M tf tl fc 1 ffl $ fc 14 2 M £ # # T* £ 5 

o 

Ca, REM 14, ^•fftfcrtfc»©JBffi»JW*ftLT»S8&B*» (HAZ ) «J14 * 

Catt, 0. 0 0 0 3 %«i©^tt', fl-£1%l<DJKfig8ifJ9Pfci;SS, OcOM7>X51 
WtlKtSCcTfHAZ Wtefcl^S-e*. - 7? , 0. 0 0 3 0 %*l^TtWLT 
fc , *©SljjR^lfiftl , r*o £ fc 46 , C a li 0 . 0003-0. 0 0 3 0 % © IS IS fc ffi & 30 
T 5 £1 £ ft<» 3: 
[ 0 0 2 2 ] 

REM (4, REM (O, S) 5WLTHAZ Wtt%lflI±«-&*. C©«k9*J*» 
(4, 0. 0 0 0 3 % &. ±(DS1i T* MV) <b tl % t>K 0. 010 %£i£Sx.TltWLTfc, * 

<o & turn m -r s . c © fc 46 , rem a o . 0003-0. 010 % fc i® -rs c ^ 

ft<#£ H,>„ 

* % qi§ T* (4 , ± IE L fc J# # fc *0 x. T , £ 6 fc , A 1 : 0 . 0 1-0. 08%^tST't5 
. AlT'UMf, Sl*J«fctfMnTIK»*5fc*A(l&»a*fTofc»£<DHAZ W 14 
ft< & » £ % 5 fc 46 , & -f L fc A 1 <D & M it & S i: t 4 ^ . 

[ 0 0 2 3 ] 40 

A 1 (4 , BZ ^ #J t L T ft ffl t , C © fc 46 £ (4 0 . 0 1 % W ± # £ f 5 C £ ft< # * L ^ ft* , 
0. 0 8%^i^tfWt5c, S#<DW14£{£T2-I43i:i:fcfc, Jga&HW'NOtfIR 
fc*oT»»&JBW0tttt** lb (*■&*,, COfcfc, A1C4 0. 0 1- 0. 0 8 % © $S Iffl 
(ClSf 5LC*'!fiU\ & , <fc 9 # * I, < ti , 0. 02-0. 0 4 %t'ft5. 
[ 0 0 2 4 ] 

4*3, ±13 LfcMtSSH t Lfc 9 » » 14 O « £ £ P c mil* 0 . 2 5%« 

Tct5Ct^!?$L^„ P c m ffi « * ( 1 ) « 

Pcm= C + 1/30S i + 1/20MD + l/20Cu + l/60Ni + l/20Cr + l/15Mo+ 1/10 V + 5 B 
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CCT*, C. Si, Mn. Cu, Ni, Cr, Mo, V, B igSIOttl (mas s 
%) 

[ 0 0 2 5 ] 

it f X fi , 2 0/xm tlTttSCttfffH^. & *5 , *fSHT'(±, i^-a^-'W 
-f^y*7i7^K04i4«HiJf 4Cfctf»SLl\ ^7-17-^^^7-/ >y ? 7 10 

[ 0 0 2 6 ] 

mm (.m<DUi-'( hmmm- i : B*«*B#'W-*--f hMSffiftffd. (1 9 9 2) 
u <t ? 97 h mttMwtt zmmic-t % c tic & 0 , ^ait-ussfi 
ifeafWtt**^ k < < **. sfc, Bftjte*fit:«'r 5 fc a Kit. ^4-7- 

**r v Y -f X 2 0|im ^S^5i> & * ili $3i 4 5 fc * , M m 14 ?# ic < (%§ 0 
[ 0 0 2 7 ] 

ft*, ^-f-fO^iJ'f hfl)/^»Fktt, 10. 2 /x m , 1 Ojini £?. 

tfc ittv;bf h ti, feasant?* 5 fc&s sti t Btt v ji f y +r << h t 
cd w ffi w m m l * t < , c c # r# ® <o & £ # o ^ -t < , n ft * * ft * ■& s . * a « ? a 
, jpasofitt^ic A«^;i> 7^ b* £5^(i4*Lttii$i' 

2%WTfCffia-r4o 30 
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(57)[ABSTRACT OF THE DISCLOSURE] 



im M) [SUBJECT OF THE INVENTION] 

Sliltt'^^I^WJ?^!^ It proposes a untempered thick steel plate with 

teXTf^cDM&jjfe&Wz^lr&o high strength and high toughness, and its 

manufacturing method. 

[M®:^&] [PROBLEM TO BE SOLVED] 

C:0. 005 ~0. 025 % v Si: To a steel raw material which has the 

0. 05 — 0. 5 %,Mn:1.5 composition containing C:0.005-0.025%, 
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~3. 0 %,Nb: 0.005 ~0. 
08%, B:0. 0003~0. 0050% 

»tS*fl(£ET*€:30%JEJl±, * 
B«JET*&30%W±£U Ar 3 
WJJE3Bi*lfitfc©*), 20°C/s^ 

3l3f3££:980MPaj@x., 
Mil^&SvTrs: -20°CU*T 

ftfc, $^l-s Cu, Ni, Cr, Ti, 

_t, to£Xf/t.tcli, Ca, REM 



Si:0.05-0.5%, Mn:1. 5-3.0%, Nb:0.005-0.08%, 
B:0.0003-0.0050%, by setting 30 % or more for 
an accumulation draft percentage in a austenite 
recrystallization region, 30 % or more for an 
accumulation draft percentage in an austenite 
non-recrystallized region, it performs the hot 
rolling which completes a rolling above an Ar3 
transformation point. After that, it cools with the 
cooling rate of 20 degrees C/s or more. 
This controls an insular martensite, it becomes 
the tissue which contains a 90 % or more 
bainitic-ferrite phase by an area ratio, it exceeds 
tensile strength:980 Mpa and becomes the thick 
steel plate with the 

fracture-transition-temperature vTrs:-20 
degrees C or less, high strength and high 
toughness. 

In addition, furthermore, it can contain 1 type, 2 
types or more among Cu, Ni, Cr, Ti, V, and Mo, 
and/or 1 or 2 types among Ca and REM. 



[SELECTED DRAWINGS] 

Absence 



[CLAIMS] 



[ff^rf 1] 
mass%"C\ 
C:0. 005 
Si:0. 05~0. 
Mn : 1 . 5 
Nb:0. 005 



~0. 025 
5 %, 

~3. 0 
~0. 08%, 



[CLAIM 1] 

A high strength high-toughness untempered 
thick steel plate, which has C:0.005-0.025%, 
Si:0.05-0.5%, mn: 1.5-3.0%, Nb: 0.005-0.08%, 



B:0. 0003~0. 0050% B: 0.0003-0.0050% in mass%, its remainder 

L, ^§R(iFejoJ:U c T : ' 5 T has the composition which is made up of Fe 
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Mtify^$iy>)faty£ : &%&.ffcb, Sfl and a unavoidable impurity, and it has the tissue 

^■V 90% UJti<D^<^=- y-^y^y which contains a 90 % or more bainitic-ferrite 

*74hffi%1$ tf la^^rWb^ 31 phase by an area ratio, it exceeds tensile 

3S!fi$:980MPaitix.,?RM^ strength: 980 Mpa and has 

JSSvTrs: - 20°C£JlT£-^r1~5 fracture-transition-temperature vTrs:-20 

rtS:«f*i:-*-5Jl55ftSil5IIHt* degrees C or less. 



2] [CLAIM 2] 

mtii1t8.J&\z1)\\7LX£b^, mas In addition to said composition, a high strength 

s%"C\ Cu:0. 05~2. 0 %, N high-toughness untempered thick steel plate of 

i:0. 05~2. 0 Cr:0. 05 Claim 1, which is considered as the composition 

~2. 0 %, Ti:0. 003 ~0. containing 1 type, 2 types or more chosen from 

050 %,V:0. 003 ~0. 08 Cu:0.05-2.0%, Ni:0.05-2.0%, Cr:0.05-2.0%, 

0 %, Mo:0. 05~1. 00%<D? Ti:0.003-0.050%, V:0.003-0.080%, 

hfrbm&lntzim~£.tin2mU Mo:0.05-1.00%, and/or 1 type or 2 types 

±, *5«fcU ! /&fcfiCa:0. 0003 chosen from Ca:0.0003-0.0030%, and 

~0. 0030%, REM :0. 000 REM :0.0003-0.010 % in mass%. 
3~0. 010 %<Dohfrbm&tl 

Iff 3] [CLAIM 3] 

HijfE;ffi/^(-^PxLT$b^ > mas A high strength high-toughness untempered 

s%T\ A1:0. 01~0. 08%3ra thick steel plate of Claim 1 or 2, in which in 

ftir&$8if&b1r?>Z.b : &¥fW(.b'? addition to said composition, it considers it as 

5W# ) Sl£fcfi2(;:fE4feE>ii53fi the composition which contains Al: 0.01-0.08% 

&Mm#m fCJ¥§PHKo at mass% further. 

4] [CLAIM 4] 

mass%t:\ After heating the steel raw material which has 

C:0. 005 ~0. 025 %\ the composition containing C:0.005-0.025%, 

Si:0. 05~0. 5 %, Si:0.05-0.5%, Mn:1. 5-3.0%, Nb:0.005-0.08%, 

M n : 1 . 5 ~ 3 . 0 % % 



12/21/2005 



6/36 Copyright (C) 2005 The Thomson Corporation. 



JP2004-84019-A 



THOIV1SOIM 

* 



Nb:0. 005 ~0. 08%, 

B:0. 0003~0. 0050% B: 0.0003-0.0050% in mass% at 1100 degree 

Z-a&-$-Z>m.J&%#irZ>m%W C-1350 degree C, it performs the hot rolling with 

£\ 1100 o C~1350°C(cADf\t 30 % or more for- an accumulation draft 

tzJfc, 950 ~1250°C(£>Sj£i$ percentage in 950 -1250 degree C temperature 

\z :&tt<5^?lEET'^£30%^ range, 30 % or more for the accumulation draft 

± % 950 °C^^Ar 3 ^^^y. percentage in the temperature range of an 

±.<DUf£WHz joH"-5^flJ±T^ under 950 (degree C) - Ar 3 transformation point 

£30%J£Jl±, JEJBEI&TSUt&Ar or higher, Ar 3 transformation point as rolling 

3 l£ffls£^±<b1~5^PI]J±2i££r completion temperature. After the hot-rolling 

JSU S&raiiEji*S-T&, &*PjI completion, it cools at a cooling rate: 20 

& : 20 t C/sW±T-^£Pl-^<ir degrees C/s or higher. 

&*RMS£1-<53l3g3££:980MPa Tensile strength characterized by the 

ISx., fiS® il^fii^vTrs : — 2 above-mentioned: The manufacturing method 

O , C&T&^1~5H3fci£iii$0tfc of the high strength high-toughness 

#aHfCJP0J<S0)Ki£#jfe o untempered thick steel plate which exceeds 980 

Mpa and has fracture-transition-temperature 

vTrs:-20 degrees C or less. 

[tmm5] [CLAIM 5] 

mifEiia^c^n tlX £<btc: , mas In addition to said composition, a manufacturing 

s%"C\ Cu:0. 05—2. 0 %, N method of the high strength high-toughness 

i:0. 05~2. 0 %, Cr:0. 05 untempered thick steel plate of Claim 4, which 

~2. 0 %,Ti:0. 003 ~0. is considered as the composition containing 

050 %, V:0. 003 ~0. 08 containing 1 type, 2 types or more chosen from 

0 % s Mo:0. 05~1. 00%(Do Cu:0.05-2.0%, Ni:0.05-2.0%, Cr:0.05-2.0%, 

hfrbm&fritcim~£tzlt2mU Ti:0.003-0.050%, V:0.003-0.080% and 

±*5«ttJ { /4fc»iCa:0. 0003- Mo:0.05-1 .00%, and/or 1 type or 2 types 

0.0030%, REM :0. 0003 chosen from Ca:0.0003-0.0030%, and REM: 

~0. 010 J&»P>iIfi*i 0.0003-0.010 % in mass%. 
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ia*JS6] [CLAIM 6] 

mtiiW-f&izMz-T s mas A manufacturing method of the high strength 

s%T:\ A1:0. 01 ~0. 08%&1h high-toughness untempered thick steel plate of 

W1~5lfiJ&<t-f Sri^^lffcil" Claim 4 or 5, in which in addition to said 

-5it^ J S4^7tf45(Cf2t£GDiti!j£ composition, it considers it as the composition 

&?Si®&l¥mWI9-MWL<nm&jj which contains Al: 0.01-0.08% at mass% 

fe 0 further. 

{&m<K>nW£mm\ [DETAILED description of the 

INVENTION] 



[0001] [0001] 

[3SW©JR-f Sftflf^HFl [TECHNICAL FIELD OF THE INVENTION] 

2£SSWJ¥8SIRW£'5x This invention relates to a untempered thick 

£<Ki£&\ mm. mmmWL. m steel plate. 

IM, ^^hy^^fflV^T Especially, it relates to a 980Mpa over-class 

BMft* 980MPaS<Z)?l3S3S$t untempered thick steel plate which has the 

iii$9t£&W't"5980MPa@&# tensile strength of over 980-Mpa, and the high 

M'MW-M^^'t^o toughness suitably used for shipbuilding, a 

bridge, construction machine, an industrial 

machine, and penstock etc. 

[0002] [0002] 

li£%:<D&m] [PRIOR ART] 

t&fc, §l5g3SS(TS)980MPaiR Formerly, in order to secure high strength and 

£Ui<£)#$M£{i, M'&fS.bfaM high toughness with sufficient balance, refining 

t££r^7^^&<?tf£i~-5/';:i£>> treatment was performed to the thick steel plate 

WK&SI&SfiSaxTKit&ft'C more than tensile-strength (TS)980Mpa class, 

Wc 0 HBfC&Sfi, ifJ3fig"eifj and it was manufactured. 

^14w{i*L/c#t££Wi""<5Mnp There is an advantage that the refining 

^r^^LTMis"C^'5i:V^9^j^ treatment is highly strong and it can 

lifo&fc , tffiUfcM&MZtitcM manufacture with stability the product which has 

lRf±» EE.M<D$.-£.<D#m'H$ffiRt the property which was excellent in high 
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tb«Lr,*V^»JgJWW«-*-S toughness. 

9^1, 980MPaSr^x.5i^5SSSr However, in requiring a long manufacture period 
fit(Si" Z>tc#>\z.H-&5t^$:4f'M compared with a untempered steel plate with a 
^S^JOLTWco rolling, the steel plate to which refining 

^fflfttti&sf&TU i£^B#M5 treatment was performed had added the 
0T^±<Di^£tT9^1c^fo5 alloying element so much, in order to secure 
£^9fBJJB#fcofc 0 high strength exceeding 980 Mpa. 

For this reason, weld-crack-proof property falls, 
there was a problem that it was necessary to 
perform pre-heating of 50 degrees C or more at 
the time of welding. 

[0003] [0003] 

Z<D£ot£f*\Mfc%tL* If fel It is an attempt to manufacture the high strength 

£fr&2w£ft<. #MWK(£Efi££ thick steel plate by untempering (up to rolling) , 

^^Mffil^W^R&Myklskok which indicates that it does not perform refining 

"t"5ftW*rt s fo5 0 0llx.fi* treatment to such a problem. 

iglEffi For example, it gives the steel raw material 

J$£W1"5^^$tlcf|!iJ$pjE5i££ which has an appropriate composition in 

JPii?£S<t£lfl^^fritTJfeU Unexamined-Japanese-Patent No. 6-93332 

M$&^*t'<h^t$<D%&$ibir combining a controlled rolling and accelerated 

Z>tth^, ^Dii^SPii^c^, 580 cooling, while considering tissue as the tissue of 

—450 °C<DUI&t&~e^M.fik1ft a bainite agent, it is 580 in the middle of 

feSl/^if^fiS^SrO. 5 °C/s accelerated cooling. It slow-cools 

iUT^^P SPiiSTi^^LT, M isothermal holding or this temperature range by 

fi&fytDflbVt^s^y^^h&jfrM the temperature range of -450 (degree C) 

U {Iti/c^^ttirfSHfcUSSIfl with 0.5 (degree C) / s or less cooling rate, it 

tt£^i~5J¥$8tK£1~5#Pff degrades the insular martensite in tissue, the 

l¥^^WMat^&^12ic$tlX manufacturing method of the thick steel plate 

v^o which has the outstanding weldability and the 

outstanding low temperature toughness, and 
the untempered thick steel plate to carry out is 
described. 

[0004] [0004] 

Ui»U r.(D^F?|^6-93332^* However, by the method described by this 
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Am^M&titzjjfeX'lt.U Unexamined-Japanese-Patent No. 6-93332, 

'i®f±M— ;>Jnii&£(]-ejgA£tifc since the dislocation introduced by 

fetiLtf* %rM.i%WfoZ>\/^l$&#i controlled-rolling-accelerated cooling is 

c N'ilfilti["t"-5fc#), ^Scttlcfi recovered during isothermal holding or a 

ffiti5#\ 980MPaJ£A±<D3l3S slow-cooling, it excels in weldability. 

&&%:$£i%:irZ)^bft i f$Mkte : bb However, there was a problem that it became 

^^of^Mftfo^tCo difficult to secure the tensile strength of 980 

£/c, 0flx.tf, #0H¥1O-1527 Mpa or more. 

49 ^fg, #F^¥ll-7164 Moreover 

0#4£SKUi, 3I3§3&&:980MP For example, Unexamined-Japanese-Patent 

afit±0«5ftSSrWi~6ff«IKS: No. 10-152749 The method of it being 

^MWXM^-f 5;fr?£^f2fc£ untempered and manufacturing the thick steel 

tbTV^ 0 ^Hfl^lO- 152749 plate which has high strength more than 

^-&8L #^¥11-71640^ tensile-strength:980Mpa is described by 

^KfEftetLfcSflf-Cfl, 1314 Unexamined-Japanese-Patent No. 11-71640. 

fa±.%n&)kLXir%fafi<%ikl,ti Unexamined-Japanese-Patent No. 10-152749 

m.f$kLtzoz.X\ M^foS With the technique described by 

WiiftiP&lCTiNfcSv^iVCC, Unexamined-Japanese-Patent No. 11-71640, 

N)£Ur fctJ^itTx ffiftZi^MteM after considering it as the composition which 

oTV>-5 0 L^^L, W/U^-fb^rfiJ carried out ultra-low carbonization for the 

fflL/ci^b^ffifi, fiWlStttf) purpose of the toughness improvement, it 

£ikfr%L\,^tzib , MWimm^ precipitates TiN or V (C, N) after cooling in the 

ppft<!f<7)^14il:^^Jfct£W$cL middle of cooling, it is aiming at the increase in 

<ftvM§£-ttaffl TOT-foS^, the strength. 

J¥iPW£^:&tf -SJ^-i^L^IStt However, since the reinforcement method using 

il^^foSil 'n Mfi* Po^^r^L a precipitation strengthening had remarkable 

TV^Co degradation of base-material toughness, when 

toughness request of machine structure 
components etc. was not comparatively severe, 
it could apply, but when there was severe 
toughness request as in a thick steel plate, it 
had left the problem. 

[0005] [0005] 

[mWtm®:L£.0kirZ>mm] [PROBLEM to be solved by the 
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#iBWfi, ±iaLfcfie*ftWr» INVENTION] 

Fn'lII^rftf&U #P!StT\ ?l5g3S( This invention solves the problem of said prior 

&:980MPa$B%k<DM5&f£t^> art, it is untempered and 

^yut°~SfSI^^(-jotj'55SS tensile-strength:980Mpa over class high 

iS^Si^vTrs^ — 20°CJt^T(tV^ strength and the fracture transition temperature 

Sr^l^itj^SfiilS vTrs in a Charpy impact test aim at proposing 

i*#HBfCJ¥ MfectWoMit the high strength high-toughness untempered 

;^&£^^i~5^<t£r@#3<?:'f~ thick steel plate which has the high toughness 

60 #3^-C^5rj¥g?IRj of -20 degrees C or less, and its manufacturing 

fc»iffiJP6mm^±ro^*R&^9 method. 

^irl^o In addition, the "thick steel plate" as used in the 

field of this invention shall mean the steel plate 
of board thickness 6 mm or more. 

[0006] [0006] 

[WkM%M$:irZ)tzlsb<D^m [MEANS TO SOLVE THE PROBLEM] 

^^M^blt, LtiLtzMM^M The present inventors did earnest examination 

J&^S/cfeK:, TS :980MPa£S about the influence of tissue affect the 

<D#M1iM&&MtR<D$J)&izR toughness of untempered TS:980-Mpa over of 

l£irm&(DBW^\,^X$&M%k high strength steel plate, in order to attain said 

mLtZo *<Dm%: s ^^LTtm^ problem. 

i^^1~5;i<t&<> TS: 980MP As a result, in order for vTrs to secure the high 

a®<7)i^^^T% vTrs^-2Q°C toughness of -20 degrees C or less by 

UTt\/^M$%& : £$fei£i~Z)tctf) TS:980-Mpa over of high strength, without 

tfj^RtDll^^/i/T^lMb carrying out abundant content of the alloying 

(D^f&$:$\%\li-Z)bkh^s SIH element, while controlling formation of a hard 

^T:90%&,±(D^<4^'r^y^y insular martensite, it discovered that it was 

ji^-fhtB^r'a t?%R.$fcbirZ)Zb& important to consider it as the tissue which 

AT^'CfoS^t^^tBL/Co contains a 90 % or more bainitic-ferrite phase 

by an area ratio. 

[0007] [0007] 

ft^t^vi'X^iM Mi, Since an insular martensite is very hard tissue, 

l\$l|*$Tfc3fc#), ©fSchJIt^ the interface of a mother phase and an insular 
/i^^lM h<h£>#®/^fij$f martensite tends to exfoliate, and this 
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-f < % ZZ.ffittLi&<Dl&]&kt£9s $9 constitutes origin of destruction, toughness 

tt^teTL^1-v\ bfc^oT, tends to fall. 

J?^1£T*it^j0t££#{£1~6fc& Therefore, in order to secure a high toughness 

A^-^yi/7 1 VlMb(£>£$c by a thick steel plate, it becomes important to 

£^^ji~5-<t^Jff il<tfr5o control formation of an insular martensite. 

Bj^^/^"ry / ^^h(0^j^\^\t^ It is necessary for formation of an insular 

^ffi^p^^-f— "f^y^y^y^ V martensite that C (carbon) which cannot be 

4U-@?^^#&^C(j^^) * s ^" solidly dissolved in bainitic ferrite at the time of 

— ^x^K^l^fi) ^Mftb^ttl a transformation is breathed out in austenite 

£ti<5w£\ ^oit>^SP^/^d $ 3i< (un-transforming), and to cool a cooling rate 

"Tyu-r >^4YWS&M}&W$L (Ms quickly below at martensitic transformation start 

,£J^T^M£;ft/5-<t, temperature (Ms point). 

[0008] [0008] 

Bj^^/^y^^Y<D^fli^W^\ In order to control formation of an insular 

-f~5/c#)(-(±, f&MHLWiktO^ martensite, making the cooling rate after a hot 

^iii^iiKU ^z^M^—^t" rolling late, and not carrying out the martensitic 

^4Y%^fr7 m >^4VW&& J &tii transformation of the non-transformed austenite 

\i^bti*s ^T^^bH&o Isfr is considered first. 

U 1$J$I£&'lk<nif§&Mf£%M< However, since a strong decline is produced, 

-fSr^fi, §£jg<D|£T££CS making the cooling rate after a hot rolling late 

fcto, -o^jcPSt^if 4U 0f^W increases the quantity of an alloying element, it 

i^5SS4r5ti%i"S^S* s fe5^x is necessary to secure fixed high strength. 

ffiPSStt^{k"f"Srfct*5o Weldability degrades. 

[0009] [0009] 

^ZX\ ^^)]%b\*$Bity\^^y- Then, the present inventors performed further 

yiMh<D£/$£W$J , t~3fcto examination, in order to control formation of an 

fc, S&5tfcft£fTofc 0 *©JS insular martensite. 

^ Hft^JE^^^^piPiiS^iff As a result, to control formation of an insular 

V N ?p£PiiJit:l-fci ^LfcSST*^ martensite while maintaining high cooling rate 

^^/Ur^^^h^^/jJc^^p^iJ-f after a hot rolling, it limits C contents under 

^ik&y^y^hF)^ 0.025 mass % or less which is in the solid 

SfPfirt'C&SO. 02mass%J^T solubility limit of a ferrite, or under 0.02 mass% 

h^&fo&^^tfrirfrfe si- or less since formation of little insular 
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/c#)C£0. 025 mass%aTi: 



martensite is within the allowable range. 
Therefore, it is considered effective to set a 
ultra-low carbon type. 

In addition, the tissue which forms in such a 
case turns into a bainite structure by which 
90 % or more is called bainitic ferrite by an area 
ratio. 



[0010] 

XTi-JWmtmtFirZ) (She 
af — like with laths but 
no carbide : conserving the 
priory —gain boundary) (ip| 

992)4)£v^<£><!:1~3 0 



[0010] 

There is a lath with the "bainitic ferrite" as used 
in the field of this invention. 
However, it is the bundle-like tissue which a 
carbonized material does not have. 
(However, an initial-stage austenite grain 
boundary remains) It shall say (bainite 
photograph-collection-l of steel: the The Iron 
and Steel Institute of Japan bainite surveillance 
study sectional meeting, 4 (1992)). (Sheaf-like 
with laths but no carbidexonserving the 
prior(gamma)-gain boundary) 



[0011] 

*%mi*. ±ie l/c Santas 
(DmmitMkmx-hZo 

(l)mass%T\ C:0. 005 ~ 
0. 025 %, Si:0. 05~0. 
5 %, Mn:l. 5 ~3. 0 %, 
Nb:0. 005 -0. 08%,B:0. 
0003-0. 0050%£-^U B 

tbtazmf&b. mmmx-\ 9o%u 



[0011] 

Based on said findings, this invention added 
examination further and was perfected. 
That is, the summary of this invention is as 
follows. 

(1) At mass%, it is C:0.005. -0.025 %, 
Si:0.05-0.5 %, Mn: 1.5 -3.0 %, Nb: 0.005 
It contains B: 0.0003-0.0050% -0.08%, 
remainder has the composition which is made 
up of Fe and a unavoidable impurity, and the 
tissue which is an area ratio and contains a 
90 % or more bainitic-ferrite phase, tensile 
strength: It exceeds 980 Mpa and has 
fracture-transition-temperature vTrs:-20 
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MPa^x., 5^®il^?a^vTrs : degrees C or less. 

-20 0 C^T£r ; fi'"f Z>Z-b$:¥fW(.t The high strength high-toughness untempered 

1"5Si3SlSi8ili!H4#WKJ¥fll thick steel plate characterized by the 

above-mentioned. 

(2) (1) Mfcl^r, ituffiffl^^P In (2) and (1), in addition to said composition, it 

Z-X&iblc, mass%~C\ Cu:0. 0 is considered as the composition containing 1 

5~2. 0 %,Ni:0.05~2. type, 2 types or more chosen from 

0 %, Cr:0. 05~2. 0 %>T Cu:0.05-2.0%, Ni:0.05-2.0%, Cr:0.05-2.0%, 

i:0. 003 -0.050 %,V: Ti:0.003-0.050%, V:0.003-0.080% and 

0.003 ~0. 080 %,Mo: Mo:0.05-1 .00% and/or 1 type or 2 types chosen 

0. 05~1. 00%<Dohfr(bm& from Ca:0.0003-0.0030%, and REM: 

titcim-£frit2mU±., 0.0003-0.010% in mass%. 

/£fc(iCa:0. 0003~0. 003 The high strength high-toughness untempered 

0%,REM :0. 0003~0. 01 thick steel plate characterized by the 

0 %(DohfrbMlttitzlMX above-mentioned. 



(3) (l)£fcte(2)(C&^T s ttim 
MlZMZ-XZh^s mass%T% 
A1:0. 01~0. 08%^-^W1~5 

m & t -t z> r t & # m t -t 5 m 3fi 

(4) mass%t\ C:0. 005 ~ 
0. 025 %, Si:0. 05~0. 
5 %, Mn:l. 5 ~3. 0 %\ 
Nb:0. 005 ~0. 08%, B:0. 
0003~0. 0050%^-a-W1"5ll 
f&Zfi-fZmmtt*. 1100°C~ 
1350 o CHMUc|&, 950 ~ 

j±rm^so%a±. 950 °c* 

M Ar 3 ^ Wt U ± <0 fiS % Kl *5 
5HfI/±T^£30%^±, BE 



(3) In (1) or (2), in addition to said composition, 
it considers it as the composition which contains 
Al: 0.01-0.08% at mass% further. 

The high strength high-toughness untempered 
thick steel plate characterized by the 
above-mentioned. 

(4) It is mass% and is C:0.005. -0.025 %, 
Si:0.05-0.5 %, mn:1.5 -3.0 %, Nb: 0.005 
-0.08%, the steel raw material which has the 
composition containing B: 0.0003-0.0050%, 950 
after heating at 1100 degree C-1350 degree C 
It is 30 % or more about the accumulation draft 
percentage in -1250 degree C temperature 
range, it performs the hot rolling which carries 
out 30 % or more and rolling completion 
temperature for the accumulation draft 
percentage in the temperature range more than 
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Sf&raJEjiSrttil^ i¥&IBjJEa£ under 950 (degree C)Ar 3 transformation 

%&7%k. ?nil]iSg[:20 0 C / /sW± point to more than an Ar 3 transformation 
X^U-t^t^W^Lt-t point, after the hot-rolling completion, a cooling 

3££ : 980MPa^^L, rate: 20 degrees C/s or higher. 

gvTrs: -20°C^T$rWi"'5ift Tensile strength characterized by the 

^itffiPtt^I^Wff^^wMja above-mentioned: The manufacturing method 

^"feo of the high strength high-toughness 

(5) (4) ic&V^T, RulEfflJ&f-An untempered thick steel plate which exceeds 980 
7L.X&h\^, mass%T\ Cu:0. 0 Mpa and has fracture-transition-temperature 
5~2. 0 %,Ni:0. 05~2. vTrs:-20 degrees C or less. 

0 %, Cr:0. 05~2. 0 %, T In (5) and (4), in addition to said composition, it 

i:0. 003 ~0. 050 %, V: is considered as the composition containing 1 

0.003 ~0. 080 %,Mo: type, 2 types or more chosen from 

0. 05~1. 00%<DoibfrbWt£ Cu:0.05-2.0%, Ni:0.05-2.0%, Cr:0.05-2.0%, and 

titcin&tzi*2mU±.is£lfi/ Ti:0.003-0.050%, V:0.003-0.080% and 

£/c(iCa:0. 0003~0. 003 Mo:0. 05-1 .00% and/or 1 type or 2 types chosen 

0% N REM :0. 0003~0. 01 from Ca:0.0003-0.0030% and 

0 %<Dihfrt>mi-£tl1ZlM1tfZ REM:0.0003-0.010%inmass%. 

(42^-a ^CtZ>%B.f&birZ>^k$: The manufacturing method of the high strength 
W^t^^m high-toughness untempered thick steel plate 

W-Wfo^Wk^tjifeo characterized by the above-mentioned. 

(6) (4) (5) \z. ^t, MB (6) In (4) or (5), in addition to said composition, 
%k.$LkzM%X&b\Z-s mass%T\ it considers it as the composition which contains 
A1:0. 01—0. 08%£-a W"f 5 Al: 0.01-0.08% at mass% further. 
%&&tirZ>Zb : fr¥fWi.ti~ : &M']& The manufacturing method of the high strength 
f&fatyfeftfflWM&W.toWk'fi high-toughness untempered thick steel plate 
?& 0 characterized by the above-mentioned. 

[0012] [0012] 

[%W<D£M<DBm [EMBODIMENT OF THE INVENTION] 

£1" , ^^^<DW.m^R(Dm.^R First, it demonstrates the reason for 

£il&fdov^Tt£E!fli~;5o J^Tx composition limitation of the thick steel plate of 

^fiK^*5Jt5mass%fi^ti%i this invention. 

IEi" 0 Hereafter, it only describes it as % mass% in a 

C:0. 005 ~0. 025 %, composition. 
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xm, *%wx-nffij£<D&&z 

m$k-fZ>tM^O. 005 

<D<£ft%&mki-Z>l)K o. 02 

5 %^m^tBi^^ : T^ 

'£it-?Z>o Z<Dtz$>, CteO. 005 
~0. 025 %Kl[5g£L7t 0 t£t5 s 

so. 020 %£ATxh% 0 



C:0.005 -0.025 %, c is an element to 
which it makes the strength of steel increase. 
It is 0.005 in order to secure the fixed strength in 
this invention. It needs content of % or 
more. 

However, if 0.025 % is exceeded, formation 
of an insular martensite will become 
remarkable, toughness degrades. 
For this reason, C is 0.005. It limited to 
-0.025 %. 

In addition, it is below 0.020 % that is 
preferably in a ferrite solution limit. 



[0013] 

Si:0. 05~0. 5 % 

sift, wmmtLx\m-tz>%m 
xh*o, *%wxtemm±o. o 

o. 5 %ZMz.Xt^-f5>k, m 
tt££fc£-t!r3o wCD/cfe, Si(i 
0. 05-0. 5 %<D$q|!(C[1£ 
Ltc 0 fc*S, flf*L<fi, 0. 2 ~ 
0. 4 %XfoZ> 0 
Mn:l. 5 ~3. 0 % 



[0013] 

Si: 0.05-0.5 % 

Si is an element which acts as a deoxidizer. 
It needs 0.05 % or more content on steel 
manufacture in this invention. 
However, if contained exceeding 0.5 %, it will 
degrade toughness. 

For this reason, it limited Si to the range of 
0.05-0.5 %. 

In addition, preferably, it is 0.2. It is -0.4 %. 
Mn:1.5 -3.0 % 



Mnte, #^£S£W£-£<57C 
mxm. Ww3l3S$i££980 

MPajg^-r isxmm 

■tZtM^, 1. 5 %U±.<D^ 
#Z&gki-Z> 0 3. 0 % 

£agx.5^Wte, m&&<D®&* 

ib,Mntel.5 ~3. 0 %<7)$b 

m^mfeLtzo »£u<te 

1.5 ~2. 2 %XhZ> 0 



Mn is an element to which it makes the strength 
of steel increase. 

It is 1.5, in order to carry out the 980-Mpa 
super-sexagenary cycle of the tensile strength 
of a base material, and in order to consider 
tissue as bainitic-ferrite tissue. It needs 
content of % or more. 

On the other hand, the content exceeding 
3.0 % degrades the toughness of a welding 
part remarkably. 

Mn since it is such is 1.5. It limited to the 
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range of -3.0 %. 

In addition, preferably it is 1.5. 



It is -2.2 %. 



[0014] 

Nb:0. 005 ~0. 08%, 

0. 005 %a±(D^f^Mi 
-T3 0 — 0. 08%^S^T^ 

iWikirZo r<£>fctf\ NbfiO. o 

05 ~0. 08%(Ot5ia(C|51^L 
fc. £?£L<«:0. 015 ~ 
0. 035 %Vh6 0 



[0014] 

Nb: 0.005 -0.08%, nb has the effect which 
uses tissue as bainitic ferrite, for this reason, 
0.005 It needs content of % or more. 
On the other hand, if contained exceeding 
0.08%, the toughness of a heat affected zone 
will degrade. 

For this reason, Nb is 0.005. It limited to the 
range of -0.08%. 

In addition, preferably it is 0.015. It is 
-0.035 %. 



[0015] 

B:0. 0003~0. 0050% 

JH^tSfcfefCO. 0003%^_k 
(D^Z&mki-6t)\ 0. 

<ffin^fo-5„ Z(Dtctb, BttO. 0 
003~0. 0050%W$5a{-PS^ 
Ltc 0 &:fb\ #£L<fi0. 0010~ 
0. 0025%-Cfc'5o 



[0015] 

B: 0.0003-0.0050% 

B reduces transformation-to-bainite start 

temperature, it is the element which it 

contributes to the high strength of steel. 

In order to acquire such an effect, it needs 

0.0003 % or more content. 

However, on the other hand, when contained 

exceeding 0.0050%, there is anxiety that steel 

may harden remarkably and may cause 

degradation of toughness. 

For this reason, it limited B to 0.0003 to 

0.0050% of range. 

In addition, preferably it is 0.0010 to 0.0025%. 



[0016] [0016] 

U^fc&^J&ftXfo&fr^ ^tib The above is the basic component. 

fifc^t^nx-T^b^ TfS^tSc^^ However, in addition to the these component, it 

jHftL-T-a fi1~Z>Z.bJ)' i X%5> 0 can choose and contain the following 

Cu:0. 05~2. O % s Ni. O. 0 component further. 

5~2. 0 %,Cr:0.05~2. Cu: 0.05-2.0 %, Ni:0.05-2.0 %, 
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0 %\Ti: 0.003 ~0. 05 Cr:0.05-2.0 %. Ti: 0.003 -0.050 %, 

0 %\V:0. 003 ~0. 08 V:0.003 -0.080 %, Mo: 1 type, or 2 or 

0 % , Mo : 0. 05~ 1 . 00%(Do more types chosen from 0.05 to 1 .00% of inside 

hfrbMlttltclW£.ti&2USX Each of Cu, Ni, Cr, Ti, V, and Mo is elements 

± which it contributes to a strength raise of steel. 

Cu, Ni, Cr, Ti, V, Mofi, It can contain individually or in composite if 

tit, m<Dfa£±.f\-lzm5-1'Z) needed. 

^\m^x^x%z> 0 

[0017] [0017] 

Cu(i, H^^{b*5J;t>* : tfrttS^'ft: Cu is an effective element which raises the 

^cfc9#a<DM£±#£^<5lr$J strength of steel by the solid solution 

^Tc^trfc-So ^m^'Cfi'a ^ strengthening and a precipitation strengthening. 

t^ip-, 0. 05%W-h'a ^fi~-5 When it contains in this invention, it is desirable 

i£j&s$J3;LV^ 2. 0 to contain 0.05 % or more. 

z.Xl^fil'Zk, it'f However, if contained exceeding 2.0 %, 

5 0 Z.<Dtz£>, CufiO. 05~2. toughness will degrade. 

0 hZ.btm- For this reason, as for Cu, it is desirable to limit 

Nili, -©WMt^^ooM to 0.05-2.0 %. 

?rt|APT'#5WS']^7t;^t r, fc'5o Ni is the effective element which can increase 

^^MXI/ilS W-f-Sil-a, 0. 0 the strength, maintaining base-material 

5%^±-a toughness. 

#\ 2. 0 %£$Ix."C'a -; £rLT , b When it contains in this invention, it is desirable 

$)H;^fnU ^ttl:£^?i to contain 0.05 % or more. 

II/^I8#'C#7 , cK& i 9s ^^.h^tvi However, an effect is saturated even if 

^iJi&So rwfcfc, NifiO. 05 contained exceeding 2.0 %, it becomes 

~2. 0 %oo$Qia(>ipg^i-Sw<!: impossible to anticipate the effect of meeting a 

/W^L-l \, content. 

It becomes in terms of cost disadvantageous. 
For this reason, as for Ni, it is desirable to limit 
to the range of 0.05-2.0 %. 

[0018] [0018] 

Crfi, £t;£:±#£-ti: -5 Cr is an effective element which raises the 

WlTtMXM, t-tz^i-JY^. strength of steel. 
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SCirWtU^ 2. 0 %£ 
5„ Z<Dlt&, CrliO. 05-2. 



Moreover, it also has the effect which reduces 
transformation-to-bainite start temperature and 
promotes formation of bainitic-ferrite tissue. 
When it contains in this invention, in order to 
acquire such an effect, it is desirable to contain 
0.05 % or more. 

However, if contained exceeding 2.0 %, 
toughness will degrade. 

For this reason, as for Cr, it is desirable to limit 
to the range of 0.05-2.0 %. 



[0019] 

Tifi, Ti(CN)£L-C*Jftti&ffcK: 

(CIO. 003 %£X±.^^-tZ>Zt 
tWtL^o -Xs 0.050 % 
&jB*-C£*i"t-<&i, Ti(CN)lK 

*l/«C<&5 0 wO«t9^^b, Ti 
120. 003 ~0. 050 %ot& 



[0019] 

Ti is an element which raises the strength by a 

precipitation strengthening as Ti (CN). 

Moreover, it micronizes an initial-stage 

austenite particle diameter, and acts also on an 

improvement of toughness effectively. 

It is 0.003 in order to acquire such an effect, 

when it contains in this invention. It is 

desirable to carry out % or more content. 

On the other hand, if contained exceeding 

0.050 %, Ti (CN) particles will coarsen, a 

desired effect is no longer acquired. 

Ti since it is such is 0.003. It is desirable to 

limit to the range of -0.050 %. 



[0020] 

fcldfiO. 003 %J^±£*pf 5 

0. 08 

o %zmz-x^-Fz>k, mm 

^{ST"t*5o z.<Dlzito* Vfio. 00 

3 ~0. 080 %(7)tSffltdPS3£ 



[0020] 

V, it is the element which acts in favor of a 
strength raise by a precipitation strengthening 
as V (CN). 

It is 0.003 in order to acquire such an effect. 
It is desirable to carry out % or more content. 
On the other hand, if contained exceeding 
0.080 %, toughness will fall. 
For this reason, V is 0.003. It is desirable to 
limit to the range of -0.080 %. 
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Mote, «<E>3fcg£i#A!]$ii-55c 

tc, 0. 05%£t±#^-f5rt^ 
#P£U\, — 1. 00%*j@x.«5 

r<75fc#\ MofiO. 05~1. 00% 



Mo is an element to which it makes the strength 
of steel increase. 

It acts on the high strength of a base material 
effectively. 

When it contains in this invention, in order to 
acquire such an effect, it is desirable to contain 
0.05 % or more. 

On the other hand, the content exceeding 
1.00% has a bad influence on toughness. 
For this reason, as for Mo, it is desirable to limit 
to 0.05 to 1 .00% of range. 



[0021] 

£<b(^ Ca:0. 0003~0. 
0030%, REM :0. 0003~ 

o. oio %(nihfrbMt£hiti 

Ca, REM |4, ^-ftlbfrfem 
8l$(HAZ )«9ttSrl^i±S*5f^ 
Ca(i, 0. 0003%^±<7)-^^ 

r^-CHAZ !St££ft-h£-£5o 
0. 0030%^^T-a *L 
xh, %<D$)-%:j>m%iirZ> 0 Z<D 
tctb, CafiO. 0003~0. 003 



[0021] 

In this invention, it adds to said component and 

they are Ca:0. 0003-0.0030% and REM 

further. : It can contain 1 or 2 types chosen 

from among 0.0003-0.010 %. 

Ca, REM It has the effect which all improves 

heat-affected-zone (HAZ ) toughness through 

form control of an inclusion. 

Ca is HAZ by being 0.0003 % or more content 

and choosing balance with S and O 

appropriately by form control of an inclusion. 

It improves toughness. 

On the other hand, the effect is saturated even if 
contained exceeding 0.0030%. 
For this reason, as for Ca, it is desirable to limit 
to 0.0003 to 0.0030% of range. 



[0022] [0022] 

REM {4, REM (O, S)£J12 REM REM (O, S) It forms and is HAZ. 

J&LTHAZ $9'I4£|b]±£-£ It improves toughness. 

5 0 Z.<D£.ot£$h$kte, 0. 0003% Such an effect is observed by 0.0003 % or more 
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&±<D%fiX-m$>btlZ>i>\ 0. 0 content. 

10 yo&l&TLXlS^LXh, ^(O However, the effect is saturated even if 

$}$ktf$&%iir& 0 Z.(Dtz#>, RE contained exceeding 0.010 %. 

M (i0. 0003~0. 010 %(c For this reason, REM It is desirable to limit 

mfei-z>^tmmL\,\ to 0.0003-0.010 %. 

^^^T*(± v _hf£L;/iJ5i£#^#n In this invention, in addition to said component, 

7LX, & A1:0. 01-0. 0 it can contain Al: 0.01-0.08% further. 

8%^-^WT'#5o Al"C^^-ti: HAZ at the time of performing large-heat-input 

1\ Siioctt/MnT^^-f-S^^: welding, when it did not deoxidize with Al but 

Af&7£S£fro/cl§-6-c7)HAZ being deoxidized from Si and Mn Since 

Wttkfc&ft kte&tcib, Lt> toughness becomes good, it does not 

AKD-g-Wfi^-^^L^V \ necessarily need content of Al. 

(0023] [0023] 

AUS, Ji£^#Ji;LTftfflU Al acts as a deoxidizer, it is desirable for that to 

/c#>(cfiO. 01%^±-a contain 0.01 % or more. 

ij&s#f£Ll^ 0. 08%%Mz-X However, if contained exceeding 0.08%, while 

'g^-f&b, W#£>$9'l4£ffi:T£ reducing the toughness of a base material, it 

•&Z>tth<<z, ^^^Mrfl^(D% degrades the toughness of a weld-metal part by 

mz£^XfeWi&m%¥><DB&£ the dilution to a weld-metal part. 

£{fc£-tt<5„ rcofcfe, AHiO. 01 For this reason, as for Al, it is desirable to limit 

~0. 08%(D%umW&fcirZ>^k to 0.01 to 0.08% of range. 

W^Lv^ cW&^lXfis In addition, more preferably, it is 0.02 to 0.04%. 

0. 02~0. 04%XfoZ> o 

[0024] [0024] 

±fSb/cl§.j5jcl5ISi:Lfc9 In addition, after considering it as said 

Z-X\ ^{^^^(D^^^hPc composition range, it is desirable to make a 

mfC^rO. 25%£AT t1rZ)^.ttf Pern value into 0.25 % or less from a viewpoint 

#£U\ Pcmffiti&(l)5£ of weldability further. 

A Pern value is following (1) Formula. 

Pcm= C +l/30Si+l/20Mn+l/20Cu+l/60Ni+l/20Cr+l/15Mo+l/10V+5 B 

(1) 
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r^T% C, Si, Mn, Cu, Ni, C It is here and they are C, Si, Mn, Cu, Ni, Cr, Mo, 

r, Mo, V, B\&jtm(D^m V,andB.; 

(mass%) The content of each element (mass%) 

Xfci^&ti&i&Xh&o It is the value defined by these. 

[0025] [0025] 

oi^T\ #$691©JMMS^*&ft Subsequently, it demonstrates the reason for 

Pg£3S{-ov^Tt£PJ11"5o tissue limitation of the thick steel plate of this 

® invention. 

$l^X*90%&,±.(D'<'(~7''(y? In this invention, it considers tissue of a thick 

y*.y<<( Y^^^tsW^tiTho steel plate as the tissue which contains a 90 % 

4~^4y?y^y4h&W$il£.W< or more bainitic-ferrite phase by an area ratio. 

^(^IS^S-5/c£k Since a transformation takes place in shearing 

^:{b/i^w { 9^<<, r§j$5'l4£r5S transformation, a coarsening of tissue does not 

^L^i"V\ ftfc, *<4~*r<iy$ take place and bainitic ferrite tends to secure 

2 high toughness. 

0 ju m UTkir&Zk&fa £L In addition, the packet size of a bainitic-ferrite 

V\> ^jb\ jfy=.zL7 phase is 20 micrometer. Carrying out the 

— s<y( ^T^y^y^y^Vd^^^L following is desirable. 

%fflMirZ)^kfc&^L\/^o In addition, it is desirable to control formation of 

^.y— ^^^y-^y^y^y^hiit, granular bainitic ferrite in this invention, 

tet^^ffi^^^^^la^coft^: A diffusional transformation becomes main for 

ikffi&Z.*) * $8t£rt s £feMfci~<5o granular bainitic ferrite, a coarsening of tissue 

takes place, and toughness degrades. 

[0026] [0026] 

Z.Z.~Q\t^?y~x-y— ^f^7M What has the sub tissue where a dislocation 

y^y^y^hltU, ftLtytfD^I- density is high by a grain shape bainite 

^hi&I^V^itL^&co^^^^y^ structure with "granular bainitic ferrite" here 

£If$£W1~5t>^(fcfcU yxffi (however, it says the tissue (bainite 

iii:^i:7^b^V^^i:'IIl^ILTl'^ photograph-collection-l of steel: refer to the The 

^MWUMo^-d'-f h^MM- Iron and Steel Institute of Japan bainite 

I: B^f^t&^^^hf^^ surveillance study sectional meeting and 
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3SSB£, (1992)4. #flB)£^5o 

i±, mmxmmz^-tzm 

##*U^. /^;/hlMX^20 



4(1992).) which has recovered, so that a lath 
does not almost have remainings.), by making a 
bainitic-ferrite phase the tissue which considers 
it as a main phase, even when it is untempered, 
it is highly strong and the thick steel plate of a 
high toughness is obtained. 
If a bainitic-ferrite phase is 90 % less in an area 
ratio, it is highly strong and becomes difficult to 
obtain the thick steel plate which has a high 
toughness. 

Moreover, in order to secure a high toughness, 
the packet size of a bainitic-ferrite phase is 20 
micrometer. Micronizing hereafter is 

desirable. 

Packet size is 20 micrometer. Since it will 
become a crude big tissue if it exceeds, it 
becomes difficult to obtain a high toughness. 



[0027] 

Iryhktt* *S0. 2 it m , ft£ 
10 //m U&<D7Xtm$tl% 



[0027] 

In addition, the packet of bainitic ferrite is width 
0.2. micrometer Length of 10 

micrometer The tissue called the lath of the 
degree points out the tissue which gathered in 
parallel. 

Packet size shall trace the packet particle 
diameter obtained by the light microscope or 
scanning-election-microscope observation, and 
shall require for it by image analysis. 
Moreover, since an insular martensite is very 
hard tissue, the interface of a mother phase and 
an insular martensite tends to exfoliate, this 
tends to constitute origin of destruction, and it 
degrades toughness. 

In this invention, it does not form an insular 
martensite during the tissue of a thick steel 
plate, or even if it forms, it declines to 2 % or 
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[0028] 

So 



[0028] 

In this invention, in particular about the phase 
except being said, it does not limit the kind and 
a content. 

However, it can accept the granular 
bainitic-ferrite phase to 8 % or less by an area 
ratio. 

Next, it demonstrates the manufacturing 
method of the thick steel plate of this invention. 
First, a converter etc. usually melts the molten 
steel of said composition by the melting method 
of public knowledge, it considers it as a steel 
raw material (slab) by the casting method of 
usual public knowledge, such as a continuous 
casting. 



[0029] 

o^-£\ mMtt*s 1100-135 

fc«C5 0 — MfiS/^135 

JDll, MJE3££tT^\ 
WoaiJg^&-Ctt, 950 -12 
50°CW««tCio^mfll±T 
^£30%J^_h, 950 °C^m- 



[0029] 

Subsequently, it heats a steel raw material to a 
1100 - 1350-degree C temperature range, it 
austenitizes a steel raw material completely. 
If heating temperature is less than 1100 
degrees C, subsequent sufficient 
recrystallization rolling becomes impossible. 
If heating temperature exceeds 1350 degrees C 
on the other hand, in a crystal grain's 
coarsening, an oxidation loss becomes 
remarkable and a yield falls. 
It performs a hot rolling after heat. 
However, with the manufacturing method of this 
invention, it is desirable to perform the hot 
rolling with 30 % or more for an accumulation 
draft percentage in 950-1250 degree C 
temperature range, 30 % or more for the 
accumulation draft percentage in the 
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temperature range of a under 950 (degree 
C)-Ar3 transformation point, Ar3 
transformation point or higher as rolling 
completion temperature. 



[0030] 

■P H ffl£*£-CfcS, 950 -125 
UTiN ©»*iSprjie/j:lft*t 



[0030] 

950 which is austenite recrystallization 
temperature range in this invention The 
accumulation draft percentage in -1250 degree 
C temperature range performs the rolling which 
is 30 % or more, fully recrystallizes austenite, 
and micronizes a crystal grain. 
A rolling draft is insufficient if an accumulation 
draft percentage is 30 % less, it cannot attain 
the miniaturization of enough austenite 
granules. 

It is effective in the miniaturization of tissue 
formed by subsequent transformation to 
micronize an austenite granule beforehand. 
It improves the toughness of the steel plate 
eventually obtained. 

Furthermore, it contains Ti, tiN If it is the 
composition whose dispersion is possible, it will 
become much more advantageous to the 
miniaturization of an austenite granule. 



[0031] 

Jh^m^u^hZ, 950 °C 

h*s p b b » # <o a m ¥ 



[0031] 

Subsequently, an accumulation draft 
percentage performs the hot rolling which is 
30 % or more in this invention by the 
temperature range more than under 950 
(degree C)Ar 3 transformation point which is 
austenite a non-recrystallized region. 
By performing a rolling of 30 % or more of 
accumulation draft percentages in austenite a 
non-recrystallized region, it increases the area 
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M^^fvi^— %W$i£'&Z>ZLbfc of an austenite crystal_garin_boundary 

T#5o ^LftKicM,;*-— x^i-sfh geometrically. 

fe^&iU^^^T^-f H&rtri* And it can store up the strain energy by rolling. 

b^^:Mhl£fi£j£ifi£it5o Thereby, it promotes the transformation to 

$r— x^i'4hfcW&£k$iX*<D']fe bainite out of an austenite grain boundary and 

tlttJLt, Jr — Tsfi-yiVW^nB^i an austenite granule. 

f<7)^QX(c<fc6;j-— 7. z r^f4Y The bainite to form turns into a bainite with 

Wii®ikb(Dffi^$))%k{z£V)^ small packet size according to a synergistic 

i'S^^^^Mi'^yhlMXri 5 effect with the austenite miniaturization by high 

/Jn^V^-Y hbt£Z>o ^tiMJ: deformation in austenite a non-recrystallized 

SSf/<C©WIStt* s flt{S:"C# region, and high deformation in an austenite 

<5 0 recrystallization region. 

Thereby, good base-material toughness is 
securable. 

[0032] [0032] 

t£t5s ^F^j±^fiAr 3 l£fi^^ In addition, a hot rolling completes a hot rolling 

±^J±IHT£ST 4 iP^)±i?r at the rolling completion temperature more than 

*£71~5o M^J±^(Df±m^T an Ar 3 transformation point. 

?fiS^Ar 3 ^M&fc : M~CI(±, 7 If the rolling completion temperature of a hot 

^7^h£EE^ih5::<h^&9ir/^ rolling is under an Ar 3 transformation point, a 

\y^i^s>t^^L^^^Wtt^\Z ferrite will be rolled, a separation occurs and 

i&T"t~5o toughness falls extremely. 

^I±3£/^7t£, ffllS&iftiPil It is more than cooling-rate:20 degree-C/s about 

S:20°C/sW_bT\ ^?SL<H4 a steel plate after the hot-rolling completion, 

00 c C£tT*t?ft*P"*"5o M preferably it cools below to 400 (degree C). 

j^S^20°C/s^t^T:1i, ±1£L If a cooling rate is less than 20 degrees C/s, the 

1t&ft1&M<D&&Vltfol£ifiVk strength falls in the steel plate of said 

Tt, ^fMW3^S5rftf*T*#^< component range, it becomes impossible to 

Z<D£otj:Z.bfrh^ 980MP secure the desired strength. 

a£JL±©5IK:lilc5i:ifiSI3tt^ Since it is such and the tensile strength of 980 

^fiffitb/c^^tt^r^feii^iS Mpa or more, and a high toughness and the 

fc*f£, EE36^T^<7)?&£PiiS further excellent weldability are combined, as 

(420°C/sJ^±i:-r6wt^^* for the cooling rate after the rolling completion, it 

LV\> tjtjo, ^^M^.co±.Wtt is desirable to be referred to as s in 20 degrees 

<fc:Ja£U£l/\ fc*5, Sfiftflfcft C/ormore. 
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0> « b ft iPPF.lt fig Ii40 

o tot t-r^ttm^\ 



In addition, it does not specify the upper limit in 

particular of a cooling rate. 

In addition, as for the viewpoint of strength 

securing to cooling-shut-down temperature, it is 

desirable that below 400 (degree C) carries 

out. 



[0033] 



[0033] 



mmu mmmmmxmmwu 

7^:ffi/¥219 ~40mm)i:L 
Wi i¥ 1 5 ~ 3 5 m m (D W #1 U 1 L 

tZo 



[EXAMPLES] 

It melts with a converter the molten steel of the 
composition shown in Table 1, it considered it 
as the steel raw material (slab: board thickness 
219 -40 mm) by the continuous casting. 
It made the these slab (steel raw material) into 
the thick steel plate with a board thickness of 15 
- 35 mm on the heat shown in Table 2, a rolling, 
and cooling conditions. 

About the obtained thick steel plate, it collects a 
tension test piece and a Charpy impact test 
specimen from board thickness 1/4 t, it 
investigated tractive characteristics and 
toughness. 



[0034] 

Ltz 0 



u ft t z m. % fa ( c ifi] ) m a 



[0034] 

About these steel plates, it investigated 
microscopic tissue, tractive characteristics, and 
toughness. 

(1) Microscopic tissue 

It collects a test piece from each steel plate, 
about the board thickness 1/2t position of a 
direction (direction of C) cross section 
right-angled to a rolling direction, it picks up 
tissue with a light microscope or the scanning 
election microscope, it measured identification 
of a tissue kind, and a tissue fraction using the 
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image-analysis apparatus. 

(2) 31 3I$H4 (2) Tractive characteristics 
&^Wl<D$lW-1 / 4 tfrbCjj It collects a JIS4 tension test piece in the 
[SjtCJIS 4 S-IIWWiftJrSrtt direction of C from board thickness 1/4 1 of each 
®UJIS Z 224\(Dm.fe^W> steel plate, it is based on a normal of JISZ2241, 
$ILT N 31 31Kl&£^#!iL, l^tK: it implements a tension test, it measures a yield 
Jfc^YS, 3l353fecFTS % fttfElfc stress YS, tensile-strength TS, and elongation 
8J3fcU HH^itYRSrlWlLfc. El, it computed the yield ratio YR. 

(3) &)tt (3) Toughness 

&MR<D$.W-l/4 tfrb* JIS Based on a normal of board thickness 1/4 t of 

Z 2202WM^td2|«Q ! UTVy5/ each steel plate to JISZ2202, it collects a 

^K^jt^S^L, JIS Z 22 V-notch test piece, it is based on a normal of 

42<DM.'£i l zmULX s SAYvi/fcT— JISZ2242, it implements a Charpy impact test, it 

f r^lS;^?r^^L, P&ilSS^fli. required for fracture transition temperature vTrs. 

[0035] [0035] 

#btlfcln^:&\ ^3td;^1~o The obtained result is shown in Table 3. 

[0036] [0036] 

[*1] [TABLE 1] 
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m No: Steel No 

{k¥ i J&'ft: Chemical component 



[0037] [0037] 
[SI 2] [TABLE 2] 
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MS No: Steel plate No 
m No: Steel No 

Ar3 Ar3 transformation point 
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7s y zfI9-: Slab thickness 
ft&PflffiS^tt: Hot rolling condition 
An#ftfii£: Heating temperature 

950^*1 250°CT*£>J3:T^: Accumulation draft percentage in 950-1250 degree C 

950°C7fe^| Ar 3 %£M&X*<DBiT^: Accumulation draft percentage in a under 

950(degree C)-Ar3 transformation point 

i±W&%iU\ Cooling after rolling 

W-ty&iVMUt: Average cooling rate 

ffttt}W'ikM.f&: Cooling-shut-down temperature 

f&J?: Board thickness 



[0038] [0038] 
[m] [TABLE 3] 
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m& No: Steel plate No 
m No: Steel No 
Tissue 

s<4 zz-y- ^ y V 7 s.7 4 h: Bainitic ferrite 
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gtflt^: Area ratio 

/<tr y h X: Packet size 

&#C"^^7^^if-f h : Insular martensite 

3l3f4rH4: Tractive characteristics 

¥J0tt: Toughness 

if Remarks 

^3§^#iJ: Example of this invention 
tb$5#ij: Comparative example 



[0039] [0039] 

^f^WW^^-ftih, ®H^"C9 Each example of this invention is 90 % or more 

0%^Xl:(D^<4^v'^y^y^y^ bainitic-ferrite tissue in an area ratio, and it has 

h#Bi$T\ Jft^-^yi'-rVlMhW the tissue where formation of an insular 

{kf&fc#\\M£titcB.$&%^L>, 9 martensite was controlled, the tensile strength 

80Mpa|S;t<D3l3g^£<t, -2 exceeding 980 Mpa and vTrs below -20 

0 °CUT (DvTrs t^yfkL, (degree C) are shown, it is highly strong and 

^^m^^hWMkttl^ has become the thick steel plate which has a 

TV^o — ^ *HWtSffl^b, high toughness. 

C^W*^{S<(±T flZ>VcW\ On the other hand, the tensile strength of 

(ttNo. 16) {23I3S^£^98 Comparative Example (steel-plate No. 16) from 

MPa ^Mt^&^\&<, —jj, which C content dislocates low from this 

Cl$^ikfr^%W$z^frbM< invention range is 98 Mpa. The following 

^ftSitlSfUSWixNo. 17) it, and the strength are low and an insular 

^^^/i/x>^i^^h7)^^cL N ■© martensite forms Comparative Example 

UU^^itLX^^o^tc.Nb (steel-plate No. 17) from which C content 

Is ^JI^^3§^tciffl^M&<^ dislocates highly from this invention range on 

tl&ik$t$\(M%iNo. 20) fi, 31 the other hand, base-material toughness has 

M£^98MPa *«tt3ftSA5 degraded. 

J£L, — Nb^a^mT)^^ Moreover, the tensile strength of Comparative 

W%umfrbM<^tiZ>ttm?Um Example (steel-plate No. 20) from which Nb 

|j*No. 21) lit, SW^tt^^Mb content dislocates low from this invention range 

tTi/^o Bt>Nb<t[p]1§T*fo5o * is 98 Mpa. The strength runs short the 

tz, 950 °CW±~C co^flJIT following, as for Comparative Example 

W30%5fcffiX*fo&it®tffl(m (steel-plate No. 21) from which Nb content 

4&No. 11B) N 950 °C7feri^^ dislocates highly from this invention range on 
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bAr 3 &MfiM±<Oi&t&i$t(%W the other hand, base-material toughness has 
ffiM*mx*(Dmmi±TW30% degraded. 
&WiX*foZ>lfc%tffl($R®LNo. 1 B is the same as that of Nb. 
IE) Xli s vTrsfc — 20 °C3gx. Moreover, by Comparative Example (steel-plate 
kt£QmttU&tf+ftX*te\'\& No. 11E) whose accumulation draft 
/c, ?v^$i&fcl5 0 C/s^$iXfo percentage in the temperature range more than 
5i£!£0"J (flUSNo. 11F)T* an Ar 3 transformation point (non-recrystallized 
its 3IK»$#980MPa*iR£ region) is 30 % less, vTrs -20 (degree C) 
faf&i&T&ffiM Exceeds from Comparative Example 

(steel-plate No. 11 B) whose accumulation 
draft percentage more than 950 (degree C) is 
30 % less, and under 950 (degree C), and 
next door base-material toughness is not 
enough. 

Moreover, strength reduction becomes 
remarkable in Comparative Example 
(steel-plate No. 11 F) which a cooling rate is 
less than 15 degrees C/s (tensile strength is 
less than 980 Mpa). 

[0040] [0040] 

[36W©»*] [ADVANTAGE OF THE INVENTION] 

\Zk±.<D£olz. > #3§$U;iJ:jft/fif , As mentioned above, according to this 

31 3I3fi£TS : 980MPa@;Uft£> invention, untempered thick steel plate with high 

rti3&ij£~C\ $£®jS^fijj£vTrs: strength which exceeds tensile-strength 

- 2O°CJ^TWiS5¥J0'l4^-t"6^ TS:980-Mpa and with high toughness which has 

f^WfffflS^^J^^o^^L a fracture-transition-temperature vTrs:-20 

XSi3a"C#x Itll&t^^f degrees C or less can manufacture easily and 

SrU-f- 5o with stability, and there is a particular effect on 

industry. 



12/21/2005 



35/36 Copyright (C) 2005 The Thomson Corporation. 



JP2004-84019-A THOMSON 

¥ 



THOMSON SCIENTIFIC TERMS AND CONDITIONS 

Thomson Scientific Ltd shall not in any circumstances be liable or responsible for 
the completeness or accuracy of any Thomson Scientific translation and will not be 
liable for any direct, indirect, consequential or economic loss or loss of profit 
resulting directly or indirectly from the use of any translation by any customer 

Thomson Scientific Ltd. is part of The Thomson Corporation 

Please visit our website: "www.THOMSONDER\/VENTCOM M (English) 

"www.thomsonscientific.ip" (Japanese) 



12/21/2005 



36/36 Copyright (C) 2005 The Thomson Corporation. 



